Introduction
Rapid melt tablets, in which drugs are administrated orally for direct ingestion without water, are particularly useful for paediatric, geriatric, psychiatric patients with dysphagia and travelling patients. These new forms of medicine are quite advantageous because they can be taken without any chewing or prior dispersion and dissolution processes. [1] [2] [3] Some of them (sublingual or buccal tablets) display a spontaneous deaggregation and fast absorption in the mouth upon contact with saliva. 4 Therefore, numerous studies on various compositions and manufacturing methods of rapid melt or orally disintegrating or dissolving tablets have been performed. 5, 6 The rapidly disintegrating dosage forms usually have an unpleasant taste, local stimulation, and other side effects caused by short, intense exposure to high concentrations of the active agent. Rapid melt tablet (RMTs) is a defined as solid dosage forms that contains medicinal substances, active ingredient and disintegrates rapidly within few seconds without water when placed on the tongue. The Biopharmaceutical classification system (BCS) class II drug is released, dissolved, or dispersed in the saliva, and then swallowed and absorbed across the GIT. 7 Orodispersible tablet (ODTs) also are known as orodisperse, mouth-dissolving, quick-dissolve, fast-melt, and freezedried wafers. The advantage of spray-drying techniques for application to microencapsulation is that it is reproducible, rapid, and relatively easy to scale up. Microencapsulation is a new technique that can be used to control the drug release rate, increased stability, protect it from premature destruction, targeted release of encapsulated materials and avoid the unpleasant taste by entrapping the active drug into a microcarrier. 8 Controlled drug delivery (CDD) technology represents a widely studied area in the field of pharmaceutical sciences. The main aim when formulating CDD systems is to increase the effectiveness of drug therapy. The benefit could be in a form of increased therapeutic activity, reduced toxicity, avoidance of the first pass metabolism, elimination of a specific drug administration route (e.g. injections), or reduction in a dosing frequency. 9 Spherically shaped and surface-distorted microparticles (embedded with the drug) could lessen the unwanted effects of RMTs by controlling the drug release rate. Recently, a novel "nano and microparticulate" chitosan based system (NMCS) has been developed using a double emulsion like technique and evaluated for drug and gene delivery in specific regions of the gastrointestinal tract. 10, 11 Spraydrying has been used to increase drug solubility and bioavailability of active substances, modified release. 12, 13 Microparticles can be used for the controlled release of drugs, vaccines, antibiotics, and hormones. One of the most commonly used excipient for microencapsulation purpose is chitosan (CS), it is a naturally occurring nontoxic, biocompatible, biodegradable, cationic polysaccharide. This hydrophilic polymer can easily cross-link with counter poly anions like TPP (Tripolyphosphate pentasodium) to control the release of drugs. CS is a mucoadhesive polymer with permeation enhancing properties which facilitate opening of the epithelial tight junction. 14, 15 Chitosan based NMCS displays high drug entrapment efficiency and controlled drug release. 16, 17 The NMCS of water insoluble model drug was prepared using a spray-drying method. Carvedilol is a non-selective β-adrenergic blocking agent with α1-blocking activity decreases the heart rate, myocardial contractility and myocardial oxygen demand. It has vasodilating activity at alpha-1 receptors at higher doses calcium channel blocking activity may contribute. Carvedilol is used in the management of hypertension and angina pectoris, and as adjunct to standard therapy in symptomatic heart failure. The absolute bioavailibity is about 25% and elimination half-life is about 6 hrs. This is because of undergoing of drug to first pass metabolism in liver and gut wall. 18 Carvedilol is rapidly and extensively absorbed following oral administration. The most common side effects include dizziness, fatigue, hypotension, diarrhoea, asthenia, bradycardia, and weight gain. The immediate disintegration behaviour of conventional Carvedilol RMTs, result in initial "burst-released" drug could be absorbed very quickly and resulting in high serum concentration and immediate disintegrating non conventional controlled release tablet which may results in controlled serum concentration that is controlled steady state (CSS). Drug plasma concentrations remain inside the therapeutic range for a longer period of time compared with conventional RMT. So it was rationale to design and develop a drug delivery system for Carvedilol using NMCS-based RMTs.
Materials and Methods

Materials
Carvedilol was received as gift sample from Zydus Cadila Healthcare Ltd., Ankleshwar, India. Ludiflash was received as gift samples from BASF Mumbai, India. Tripolyphosphate pentasodium was purchased from Sigma-Aldrich Chemical Co., Ltd. Chitosan was over 75% deacetylated, polyvinyl pyrrolidone K30, ethanol, Magnesium stearate, Lactose, Xylitol, (Hi Media Laboratories Pvt. Ltd., Mumbai, India) Methanol, Microcrystalline cellulose (Merck specialties Pvt. Ltd., Mumbai, India.) were purchased for carrying out various experiments. All other chemical were commercially available and used as received.
Experimental Design
In the present study a 3 2 full factorial design was employed, containing 2 factors evaluated at 3 levels. The details of experimental conditions are shown in Table 1 . Preparation of Carvedilol loaded Chitosan nanoparticles by ionotropic gelation method Ionotropic gelation for the Chitosan nanoparticles formation was performed as previously described. [19] [20] [21] [22] Chitosan solution was prepared by dissolving the required amount of chitosan in dilute acetic acid (0.3%, v/v) at room temperature overnight and passed through a 0.22 μm filter to remove insoluble's. Various amounts of Carvedilol mentioned in Table 1 were dissolved into the 10 ml methanol. This solution was added drop wise with a syringe (type 25 G x1″) to the chitosan solution with constant stirring to produce a homogenous mixture. Then, Tripolyphosphate pentasodium (TPP) was dissolved in distilled water at 2 mg/ml (w/v). Thereafter, the ionic gelation of chitosan in the aqueous medium was achieved by the addition of TPP solution (3 ml/min) drop wise with a syringe. The above chitosan solution was subjected to constant stirring until colloidal chitosan nanoparticles formed then the colloidal solution was continuously stirred at (1000 rpm) for 60 minutes at room temperature to ensure complete cross-linking of chitosan. The ratio of Chitosan/Tripolyphosphate pentasodium (TPP) was kept at 6:1 (w/w) for the formulation of chitosan nanoparticles in both formulations and the product. 
Preparation
Compatibility Studies
Infrared Spectroscopy
Carvedilol further identified and conformed by using FTIR (Infinity, Shimadzu) and recorded spectrum in the range of 4000 cm -1 to 400 cm -1 using FTIR spectrophotometer. IR spectroscopy was also used to determine the molecular interaction between excipients and drug. Infrared spectra of crosslinked microparticles and tablet formulation. IR spectrum of drug was measured in the solid state as potassium bromide dispersion. The bands (cm -1 ) have been assigned.
Differential scanning calorimetric (DSC)
The molecular state of the pure drug Carvedilol was evaluated by performing DSC analysis. The DSC curves of the samples were obtained by a differential scanning calorimeter (Mettler Toledo) and thermograms were obtained by heating at a constant heating rate of 10°C/min in the range of 20-350°C.
Characterisation of NMCS Particle size analysis
Particle size analysis of colloidal solution of nanoparticles was carried out by Malvern Mastersizer using water as dispersion medium and quartz cuvetts as sample holder. The sample was scanned 100 times for determination of particle size.
Determination of % Yield
The percentage yield from the microparticles was determined with following formula. % = Weight of microparticles Total weight of solids × 100
Determination of Drug encapsulation efficiency and loading capacity
For the colloidal solution (nanosuspension sample), the amount of drug entrapped was calculated as the difference between the total amount of carvedilol used and the amount presented in the centrifuged aqueous supernatant phase. 23 Then, the drug entrapment efficiency and loading capacity was determined directly from the spray-dried microparticles. 24 An accurately weighed amount of 20 mg spray-dried Carvedilol microparticle were dissolved into 100 ml of pH 6.8 with constant stirring for 6 hr at 1000 rpm by magnetic stirrer at 37 ± 1°C. After ultracentrifugation at 20,000 × g and 12°C for 30 min, the dissolved carvedilol in the supernatant was determined using a UV-Vis spectrophotometer method. Each sample was assayed in triplicate. The Carvedilol loading capacity (LC) of microparticles and the encapsulation efficiency (EE) of the process were calculated according to the following equation:
Where, WCarvedilol is the amount of Carvedilol in microparticles, Wmp is the microparticle weight, Wtotal drug is the total amount of Carvedilol added.
Scanning electron microscopy
The morphology and surface appearance of the nanoparticles and spray-dried carvedilol microparticles were studied by scanning electron microscopy (JEOL 5400, Tokyo, Japan). The powdered sample was placed on double-sided adhesive tape that had previously been secured on aluminium stubs and then observed using SEM operating at 5.0 kV after gold sputtering and coated under vacuum with gold in an argon atmosphere prior to observation.
In vitro Drug release from the microparticles 19, 20 In vitro drug release profiles of Carvedilol loaded microparticles were carried out as described here. About 30 mg of microparticles was placed into a dialysis membrane bag that was impermeable to molecular cutoff of 8 kDa. Then, the bag containing the Carvedilol microparticles was tied and put into 100 ml of phosphate-buffered saline (PBS, pH 6.8). The entire system was incubated at (37°C ± 1°C) with stirring at 50 rpm. At scheduled time intervals, 5 ml of the release medium was removed and replaced with the same volume of fresh PBS. The amount of Carvedilol in the release medium was determined by UV spectroscopy. All measurements were performed in triplicate.
Manufacture of optimized carvedilol chitosan microparticle based RMTs 21
RMTs tablets were prepared by wet granulation compression method. First, the powdered carvedilol loaded NMCS and the various rapid melt tablet adjuvant (with appropriate amounts of lubricant, superdisintegrant (Ludiflash) 40%, corrigent (Xylitol) 1%, deaggregant (MicrocrystallineCellulose) 35% and diluent (Lactose) 5% for all formulation batches only difference is for F1 Conventional RMT., for F2 RMT with non-crosslinked microparticles and for F3 RMT with crosslinked microparticles. These materials were screened to produce a homogeneous mixture. The resulting homogeneous mixtures were passed through a 30-mesh sieve with openings of less than 600 μm in diameter and then granulated in a mortar using 10% (w/v) polyvinylpyrrolidone K30 ethanol solution (95%, v/v) as an adhesive. The obtained granulates were dried in a 60°C oven for 1 hour. The final granules were then passed through a 14-mesh sieve and stored in a desiccator at room temperature until use and lastly add magnesium sterate 1% before compression. The filtered dry granules (100 mg containing oral disintegrating microparticle tablets (RMTs) equivalent to 6.25 mg Carvedilol) was manually filled into the die and compressed using (Mini press 12SP, Karnavati Rinek tablet machine) single punch tablet press equipped with concave faced 08 mm punches, at a suitable compression force to obtain tablet hardness of about 2±0.5 kg.
Evaluation Parameter Tablets Pre-compression Parameters
The RMT's blends were evaluated for their bulk density, tapped density, carr's index, flow properties and hausner's ratio.
Post-compression Parameters
Hardness: The hardness of a tablet is indicative of its tensile strength (Kg/cm 2 ) and the tablet crushing load, which is the force, required breaking a tablet into pieces by compression. It was measured using a texture analyser. In vitro disintegration test: In vitro disintegration tests are usually performed for quick dissolving tablets to determine the disintegration rate when they come in contact with the mucus and saliva. The in vitro disintegration test was carried out on one tablet in pH 6.8 at 37±1°C using the texture analyser. Attempts have been made to develop disintegration tests that better mimic the in vivo conditions of the oral cavity. Dor and Fix 24 developed a disintegration test using a texture analyzer, consisting of a 35mm tall flat-ended acrylic cylindrical probe with 2 kg load cell. The RMT was attached to a cylindrical probe and placed under a constant force to promote disintegration. The tablet was immersed into a defined volume of medium (200 μl) and the time for complete tablet disintegration versus distance traveled was determined. The limitation of this method is that one side of the tablet is attached to the probe and cannot interact with the immersion medium, whereas in the oral cavity the tablet will be moistened on all sides and this can enhance disintegration. 25 Friability: Roche friabilator was used for the purpose. This device subjects a number of tablets to the combined effect of abrasion and shock by utilizing a plastic chamber that revolves at 25 rpm for 4 min dropping the tablets at a distance of 6 inches with each revolution. Pre-weighed 10 tablets were placed in the friabilator, which was then operated for 100 revolutions. Tablets were dusted and reweighed. Weight Variation Test: Weigh individually 20 units selected at random or, for single dose preparations in individual containers, the contents of 20 units, and calculate the average weight. Not more than two of the individual weights deviate from the average weight and none deviates by more than twice that percentage. Determination of Drug content of the Drug: Ten tablets were powdered and blend equivalent to 6.25 mg of drug was stirred with 100ml of (6.8 pH PBS) with constant stirring for 6 hr at 1000 rpm by magnetic stirrer at 37 ± 1°C. Then, 100 ml of pH 6.8 the solution was filtered and After ultracentrifugation at 20,000 × g and 12°C for 30 min, the dissolved carvedilol in the supernatant was determined using a UV/vis Spectrophotometer, Shimadzu-1800.
In Vitro Dissolution Test: 26 The dissolution tests of the prepared tablets were performed at 37±1°C using (Electro lab EDT-08Lx) the paddle method at 100 rpm with 500 ml phosphate buffer (pH 6.8) as a dissolution medium. At specified time intervals, an aliquot of 5 ml was withdrawn and replaced quickly with equal dissolution medium volume to maintain total volume constant. The withdrawn samples were filtered through 0.45 μm millipore filter. The filtrate was analyzed by UV/visible spectrophotometer at 241nm (UV/vis Spectrophotometer, Shimadzu-1800).
Results and Discussion
Drug-Excipients Interaction Study
The IR spectrum was measured in solid state as potassium bromide dispersion. IR spectra of carvedilol and its combination with excipients are shown in Figure  1 . An IR spectrum of pure carvedilol showed the peaks 3345.89 cm 
Differential scanning calorimetric (DSC) study
The Differential Scanning Calorimetric study was carried out using Mettler Toledo Differential Scanning Calorimeter. Samples were placed in an aluminium crucible and the DSC thermograms were recorded at heating rate of 10°C/min in the range of 20-350°C. DSC studies revealed that endothermic peaks for pure Carvedilol were obtained at 118.38°C.
Evaluations of NMCS
Microparticles Prepared by ionotropic gelation method were evaluated particle size, loading capacity, entrapped efficiency and percentage yield. The results are shown in Table 2 . Morphology of drug loaded microparticles observed by SEM is shown in Figure 2 . The particle size of all prepared formulations was observed in the range of 164.2nm to 251.3nm. Entrapped efficiency of all the formulations was found to be in the range of 49 to 65%. Percentage yield from all the batches was found to be in the range of 23.17 ± 0.81% to 42.05 ± 0.81%. Loading capacity of all the formulations was found to be in the range of 10.82 ± 1.78 to 14.44 ± 1.55%. Spherical, uniform, smooth-surfaced microparticles were successfully produced using the spray dying technique Figure 2 . In this case, a spray-drying technique was used to encapsulate the colloidal mixture of carvedilol chitosan nanoparticles and chitosan directly into powdered microparticles of carvedilol loaded microparticles (Figure 3 ). TPP is a nontoxic and multivalent anion that can form crosslinkages involving ionic interactions between the positively charged amino groups of chitosan and multivalent, negatively charged TPP molecules. 27, 28 With the drop wise addition of TPP using syringe, the nanoencapsulation was processed with the electrostatic attraction. Meanwhile, with the incorporation of ion TPP to chitosan solution, the opalescence indicated the formation process of nanoparticles with a size range of 164.2nm to 251.3nm. The TPP reacted with a large amount of the chitosan, resulting in the formation of gelated nanoparticles. TPP-crosslinked chitosan nanoparticles and their conversion into spray-dried microparticles are expected to improve the particles' stability and applicability for controlled drug delivery. The spray-drying was used to dramatically improve drug encapsulation efficiency for the resulting microparticles. These various types of particles might provide an efficient carrier to load carvedilol into the matrix. The encapsulation efficiencies were 64.9% (Table 2) with satisfactory production yields. It can be seen in Table 2 that particle size were 188.2nm as the ratio of chitosan/drug reached 0.400:0.250 (w/w). Therefore, the drug entrapment percent can be adjusted by changing the ratio of carvedilol to chitosan, according to clinical needs. 
Scanning Electron Microscopy study
The shape and surface morphology of drug loaded microparticles prepared by spray-drying were observed using SEM. As shown in Figure 2A , the spray-dried drug loaded microparticles were almost spherical, with a regular shape and a particle diameter range of 1-4μm. The observed small solid particles (Figure 2A ) could have been formed from the spraying of a single minor droplet containing one or two chitosan colloidal nanoparticles. Most of the TPP-crosslinked Chitosan drug loaded microparticles were found to be spherical with smooth surfaces ( Figure 2B ). From SEM photomicrographs, it can be speculated that carvedilol existed in very fine amorphous form with reduced particle size, increased surface area and closer contact between the hydrophilic polymer and the drug which may be influential in enhancing drug solubility and dissolution rate. 29 To prepare chitosan nanoparticles as described the nanoparticles colloidal solution were transferred to eppendorf tubes and isolated by centrifugation (10,000 rpm, 1 h, 4°C). Supernatants were discarded and the nanoparticles were collected for further characterization. TPP was used to crosslink chitosan nanoparticles and microparticles. TPP reacts with compounds containing primary amine groups, such as chitosan, to form covalently crosslinked networks and drug loaded nanoparticles and microparticles are shown in Figure 2 . The incorporation of ion TPP to chitosan solution, the opalescence indicated the formation process of nanoparticles with a size range of 164.2nm to 251.3nm. Nanoparticles were spherical in shape ( Figure 2B ) and some aggregates are observed due the interactions between free amino and hydroxyl groups on the chitosan surface.
In vitro drug release behaviours of the spray-dried microparticles Drug release of spray-dried carvedilol loaded microparticles could be prolonged in the presence of a proper amount of TPP used as a cross-linking agent. For the preparation of carvedilol loaded chitosan nanoparticles a chitosan/TPP ratio of 6:1 (w/w) was adopted for the ionotropic gelation process. The drug release rate was affected by cross-linking of CS microparticles with TPP. 28 and the TPP treatment of chitosan microparticles was expected to improve their stability and applicability in controlled drug delivery. The in vitro Carvedilol release profiles were obtained by relating the amount of Carvedilol released from microparticles to the amount of Carvedilol encapsulated ( Figure 3A) . Displays the drug release profiles of spraydried Carvedilol loaded microparticles and the effect of the crosslinked (TPP) on release rate. As shown in Figure 3A , the release rate of noncrosslinked microparticles was significantly faster (P, 0.05) than that of crosslinked microparticles during the first 90 min. The cumulative release percentage from the noncrosslinked microparticles exceeded 79% within 30 minutes. In contrast, only about 58% of the drug was released from microparticles crosslinked with TPP in 30 minutes ( Figure 3A ). Statistical analysis of Carvedilol release values before 90 min shows that there is a significant effect (P, 0.05) of the TPP. The addition of TPP is probably effective to occupy chitosan aminogroups. The crosslinking of chitosan microparticles with TPP could retard the release rate because of the decreased water solubility of chitosan in this formulation, which could be important for maintaining further sustained drug release. Therefore, the degradation and enzymatic digestion of Chitosan nanoparticles would be required for accomplishing the release process. 30 The delayed drug release from nanoparticle entrapped microparticles and local stimulation of the formulated tablets in the mouth. It was apparent that drug release showed a rapid initial burst effect in vitro. As shown in Figure 3A , about 84% of drug was released from the spray-dried carvedilol loaded microparticles within 90 min. This initial burst release occurred because the drug was dispersed close to the surface of the particles. This portion of absorbed drug can be easily desorbed from the outer layer and will then diffuse out into solution. After 90 min, similar drug release behavior for the two formulated microparticles (P, 0.05) could be found in ( Figure 3A) . Generally, noncrosslinked chitosan microparticles cannot be kept suspended in water because of their swellability and dissolvability. A controlled release dosage form can provide increased clinical value compared to conventional formulations, due to an improved therapeutic effect and increased patient compliance resulting from a reduced dosing frequency and a more constant or prolonged therapeutic effect and possible to enhanced bioavailability.
Pre-compression Parameters
Pre-compressional parameters of Conventional RMTs, Non-crosslinked microparticles RMTs, Crosslinked microparticles RMTs like angle of repose, bulk density, tapped bulk density, compressibility index, hausner's ratio of tablets shown in Table 3 . From the above result all batches showed good flow properties. Compressibility of all batches was less than 21% indicates fair to passable compression properties. Hausner's ratio < 1.25 for all batches indicates that good flow properties.
Post compression Parameters
Post compressional Parameters of Conventional RMTs (FA), Non-crosslinked microparticles RMTs (FB), Crosslinked microparticles RMTs (FC) are following in (Table 3 ). The hardness of the tablet was found between 1.0 -2.0 kg/cm 2 which have good mechanical strength. The tablet thickness was found to be 3.1-3.25 mm, which provided good uniformity, friability of tablet was found below 1% indicating good mechanical resistance. The drug content found in the range of 60-90%, disintegration time of all batches was found in the range of 28-40 sec.
Dissolution characteristics
The Figure 3B shows the in vitro drug release profiles of conventional RMTs, NMCS-based RMTs, and noncrosslinked RMTs. For the conventional RMTs, 94.6% of the drug was released within only 3 minutes. In contrast, 70% or less of the carvedilol was released from the two prepared RMTs in 30 minutes, and the time for 90% of drug release to occur was more than 90 minutes ( Figure  3B ). The statistical analysis shows that the drug released very quickly from conventional RMTs (P < 0.01) compared with that from the other two RMT formulations. Formulation of a microencapsulated drug into RMTs, as in the present case, might result in this controlled, sustained release. (Figure 3B) shows that the drug release rate of RMTs formulated with crosslinked microparticles (NMCSbased RMTs, 63% in 30 minutes and 85% in 90 minutes) was slower (P , 0.05) than that of RMTs made with noncrosslinked microparticles (noncrosslinked RMTs, 70% in 30 minutes and 91% in 90 minutes). This behaviour might be due to the retardant effect of TPP, in accordance with the behaviour of the microparticles described previously ( Figure 3B ). The controlled drug release could alleviate problems such as premature destruction of the tablet, intense exposure to high concentrations of the active | 175 Nano and microparticulate chitosan based system Advanced Pharmaceutical Bulletin, 2015, 5(2), 169-179 agent. Finally, it is important to note that the carvedilol-NMCS, including novel RMTs, could potentially improve compliance with drug administration regimens and promote a remarkably steady rate of drug absorption. Table 1 . Experimental design of different batches of NMCS is summarized.
Mathematical modelling
Mathematical relationship was generated between the factors (independent variables) and responses (dependent variables) using the statistical package Design-Expert. First step in mathematical modeling was fitting the experimental data to appropriate model. A suitable model was selected by software on the basis of different parameter obtained from regression analysis such as p-value, adjusted R 2 , predicted R 2 and Predicted Residual Sum of Square (PRESS) value (Table 4) . ANOVA was applied for estimating the significance of model, at 5% significance level. If more than one model was significant (p < 0.05) for the response, the adjusted R 2 and PRESS value of the model were compared to select the best mathematical model for that response. Focus on maximizing the value of adjusted R 2 and predicted R 2 . Low PRESS value indicated adequate fitting of model. General quadratic equation for two independent variables is as follow: Y = β0+ β1X1+ β2X2+ β3X1X2 + β4X1 2 + β5X2 2
Abbreviation, β0 is the intercept representing the arithmetic averages of all the quantitative outcomes of 9 runs. β1to β5 are all coefficients calculated from the observed experimental values of Y. X1 and X2 are the coded levels of factors. The terms X1, X2 and Xi2 (i є {1, 2}) represent the interaction and quadratic terms, respectively. Coefficients with one factor represent the effect of that particular factor while the coefficients with more than one factor and those with second order terms represent the interaction between those factors and the quadratic nature of the phenomena, respectively. Synergistic effect and antagonistic effect of factor were indicated by positive sign and negative sign in front of that factor term, respectively. Equation reveals that both factors (X1 and X2) affect Particle size characteristics significantly. Equations also indicated that the effect of the change in Drug seems to be more pronounced in comparison with that of the change in conc. of chitosan. Since the coefficient of factor X2 has a larger value than that of factor X1. The combined effect of factors X1 and X2 can further be elucidated with the help of response surface plots ( Figure  4A ), which demonstrated that Y1 varies in a linear fashion with the effect of both parameter. However, the steeper ascent in the response surface with Drug (X2) -instead of Chitosan conc. (X1) -is clearly discernible from response surface plots, indicating that the effect of Drug is comparatively more pronounced than that of Chitosan conc. From this discussion, one can conclude that the Particle size may be changed by appropriate selection of the levels of X1 and X2. (Figure 4B ) shows a linear relationship between the observed response values and the predicted values indicating the correctness of the model.
Entrapment efficiency
From the p-values presented in Table 5 , quadratic model was found to be significant for entrapment efficiency. Quadratic model was selected on the basis of maximum value of adj. R 2 and low PRESS value indicating adequate fitting of model (Table 4) . Quadratic model was significant with model f-value of 16.53 (p-value < 0.0003). The quadratic equation generated by software is as follows: Y2 = 57.57-3.72X1-2.92X2+ 16.32X1X2+ 64X1 2 + 32.09X2 2 Equation reveals that both factors (X1 and X2) affect Entrapment efficiency characteristics of particle size significantly. Equations also indicated that the effect of the change in Chitosan concentration seems to be more pronounced in comparison with that of the change in Drug. Since the coefficient of factor X1 has a larger value than that of factor X2. The combined effect of factors X1 and X2 can further be elucidated with the help of response surface plots ( Figure 4C ). However, the steeper ascent in the response surface with Chitosan (X1) -instead of Drug (X2) -is clearly discernible from response surface plots, indicating that the effect of Chitosan is comparatively more pronounced than that of Drug. From this discussion, one can conclude that the Entrapment efficiency may be changed by appropriate selection of the levels of X1 and X2. (Figure 4D ) shows a linear relationship between the observed response values and the predicted values indicating the correctness of the model. 
Stability studies of optimized formulation
The stability studies of NMCS RMT were carried for 3 months and it was found the formulations were sufficiently stable for said period at 40°C and 75 % R.H.
Conclusion
Ludiflash, a novel polymeric carrier was investigated for the solubility enhancement and improving bioavailability of water insoluble Carvedilol drug using spray drying method. The carvedilol entrapped NMCS were successfully prepared using an ionotropic gelation process combined with a spray-drying method. The results for particle size at several intervals within the range of 100nm to 300 nm. The spherically shaped NMCS was formulated with satisfactory drug loading capacity and encapsulation efficiency. The developed RMT formulation has advantageous characteristics that distinguish it from commonly used RMTs. The RMTs can be formulated not only for oral dispersibility but also one of most advantageous is it shows the delayed release that takes place far from the buccal region. So, it is a novel method to prepare rapid melt tablet which will be able to mask the drug taste in the oral cavity. NMCS represent an example of rapidly dispersible/slowly releasing tablets that are an alternative to traditional RMTs. The presence of disaggregating of Ludiflash makes it possible to produce a hard tablet that can still disaggregate within seconds and be considered "quickly dispersible". 
